Abstract. Biogas production from agricultural energy crops is considered as a promising alternative to reduce the current dependence on non-renewable energy sources. Among these, Anaerobic Digestion (AD) of different feedstock has proved to be an interesting energy source in rural areas, especially when the AD plants are fed with local available feedstock and the energy generated is used near the plant. Nowadays, more than 1100 agricultural biogas plants are operating in Italy, particularly in the northern regions. In Italy biogas plants are mainly concentrated in Po Valley regions, (Lombardia, Piemonte, Emilia-Romagna and Veneto); although the biogas policy scheme concerns all the country, these regions have a highly productive agricultural system and densely populated urban areas. In this paper, real operative data (gas yield and feedstock management) of 28 farm-scale biogas plants localized in the Po Valley (North-Eastern Italy) are summarized and analyzed to investigate the increasing factors of biogas production and identify the important parameters for further positive developments. The survey results suggest a positive outlook for other crops and agricultural waste integration into the AD supply chain. More than half of the biogas plants present a nominal power higher than 2.2 MW and electric power values that in 60.7 % of the cases amount to 0.999 MWe, in order to remain into the dimensional limits and to benefit from the maximum energetic incentive.
Introduction
Biogas production from energy crops is considered as a promising alternative to reduce the current dependence on non-renewable energy sources [1; 2] . Among these, Anaerobic Digestion (AD) of different feedstock has proved to be an interesting energy source in rural areas [3] , especially when the AD plants are fed with local available feedstock and the energy generated (i.e. heat) is used near the plant [4] .
Biogas plants operate mainly with three types of biomass sources: (i) farm by-products (such as animal slurries, agricultural residues and straw) [5] ; (ii) agro-industrial and food industry by-products and residues [6] ; (iii) the dedicated biomass produced specifically for energetic purposes [7] .
At the end of 2011, the EU primary energy production from AD plants has been more than 10 Mtoe per year, with an increase of almost 20 % compared to 2009 [8] . In the 2011-2013 period, Italian agricultural AD plants have a surprising increase (almost 300 %), due to a particularly favorable incentive for biogas electric energy generation; in addiction, the biogas plant number has grown from 314 (end of 2010) to 994 (end of 2012) and the electric power from 176 to 756 MW [9] .
Nowadays, more than 1100 agricultural biogas plants are operating in Italy, principally in the northern regions [10; 11] . In Italy biogas plants are mainly concentrated in Po Valley regions, (Lombardia, Piemonte, Emilia-Romagna and Veneto); although the biogas policy scheme concerns all the country [12; 13] , these regions have a highly productive agricultural system and densely populated urban areas [14] .
In this paper, real operative data of 28 farm-scale biogas plants localized in the Po Valley (NorthEastern Italy) are summarized and analyzed to investigate the increasing factors of biogas production and identify the important parameters for further positive developments.
Materials and methods

Biogas Plants Survey
Gas yield and feedstock management for 28 farm-scale biogas plants localized in the territory of Padova (Northeast Italy) are summarized and analyzed. The survey was carried out in 2014 and considered all the biogas plants with an electrical installed power higher than 250 kW.
Among the plants analyzed, 19 are located in the south of Padova city while the other 9 ones in the north; this means that 67 % of the biogas plants are located in a more suitable area for agricultural DOI: 10.22616/ERDev2017.16.N146
and livestock activities than in the northern area, where the number of these plants and their size are more restricted (Fig. 1 ).
This study was based on interviews with the plant owners, where it was possible to define the following aspects:
• Biogas plants characterization by the analysis of powers installed (nominal, thermal, electrical).
• Operative and energetic performance analysis: number of production hours per day, number of production days per year, ordinary and extraordinary down-time intervals (in days) per year, the average of electrical and thermal energy produced in MWh·year -1 .
• Feedstock management: types and quantities of biomass consumed (agricultural, livestock, etc.) also the origin of the same (in-farm or off-farm).
Fig. 1. Localization of biogas plants considered in the survey
Results and discussion
Installed Powers
More than 53 % of the monitored plants have a nominal power ranging from 2.2 and 2.5 MW, 25 % between 1.3 to 1.6 MW and the remaining 21 % variable to 0.75 -1 MW (Fig. 2A) . As regards the electrical power (Fig. 2B) , most of the plants (60.7 %) amounted to 0,999 MWe, in order to remain in the dimensional limits and to benefit of the maximum energetic incentive. The remaining plants (25 %) are medium in size between 0.5 and 0.6 MWe, while only 14.3 % (namely only 4 of the 28 plants) have low power levels, between 300 and 400 kWe.
The electrical energy production (about 144,000 MWe per year) is sold to the electricity grid operator (92 %) and only a small part is used for self-consumption (8 %).
The thermal installed powers usually vary between 20 and 50 % of nominal power, and are generally included between 1.15 and 1.30 MWt for some of the plants with higher nominal power (Fig. 2C) . However, if the electric power generated varies slightly, usually between 38 and 42 % of the installed nominal one, the thermal power generated presents a wider range; in fact, it varies from a minimum of 20 % to a maximum of 50 %, with an average of about 38 % of the nominal power. 
Operative and energy performance
The plants have operated on average for 350 days (Tab. 1), with about 10 downtime days for ordinary maintenance and 6 days for extraordinary maintenance. These downtimes cause a loss of energy production amounting to 4.1 %.
The average of electricity produced during the survey amounts about 8000 
Feedstock Management
As regards biomass, the monitored systems use 7.1 % of the arable land in the territory of Padova district. The 93 % of which are represented by cereals, such as maize, sorghum, wheat, rye, triticale, barley and rye grass (90 %), while the remaining are relative to other arable crops, i.e. soybean and sugar beet.
In relation to livestock manure, only 22.6 % of slurries and manure coming from cattle farms (Fig.  3A) is used for bioenergetics production purposes, while 77.4 % is used within individual farms for agronomic purposes.
For pig farms (Fig. 3B) , the share of slurries for bioenergy production purposes reaches 27.7 %, probably due to the lower agronomic potential of the byproduct and also to the presence of intensive breeding farms with restricted areas for spreading effluents.
Finally, regarding poultry farms (Fig. 3C) , the fraction for bioenergetics purposes seems to be highly reduced (4 %), probably because this by-product usually contains a high quantity of wood-chip (lignin), and consequently it is not easily degradable during the digestion process. About 67.8 % of the total biomass used (Fig. 4A) for plant operation comes from the farms themselves, while the remaining 32.2 % come from other farms or secondary transformers (i.e. agro-industrial by-products). This aspect shows a good degree of self-sufficiency, which can be still potentially improved using agricultural by-products or marginal land.
In relation to livestock manure used in the biogas plants (Fig. 4B) , 77.1 % is self-produced by the farms themselves, while the remaining 22.9 % comes from other farms, usually located near the plants in order to reduce transportation costs. 
Conclusions
In this paper, operative data of 28 farm-scale biogas plant localized in the Po Valley (NorthEastern Italy) are summarized and analyzed, as follows. 1. More than half of the biogas plants present a nominal power higher than 2.2 MW and the electric power values, which in 61 % of the cases amount to 0,999 MWe, in order to remain into the dimensional limits and to benefit from the maximum energetic incentive. The thermal output values of the plants proved to be very variable, often owing to a non-effective farm-scale valorization of the same. 2. The values in terms of operational performance proved to be positive. In fact, the plants have operated on average for 350 days, with about 10 downtime days for ordinary maintenance and 6 days for extraordinary maintenance. 3. The results suggest a positive outlook for other crops and agricultural waste integration into the AD supply chain. As for the biomass, the monitored plants are using 7.1 % of arable land in the territory of Padova district, the 93 % of which is represented by cereals, such as maize, sorghum, wheat, rye, triticale, barley and rye grass. In relation to livestock manure, its use varies according to the type of the breeding technique. Most of the effluents utilized for energetic purposes come from pig (27.7 %), cattle (22.6 %) and poultry (4 %) farms. 4. Finally, as regards the biomass origin, the 67.8 % is self-produced at farm-scale, while livestock manure (77.1 %) comes from corporate farms.
